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FOREWORD 


An extensive dzta base on a six-caliber secant-ogive cylinder model with 
two different rotating band configurations was generated in the NSWC/WO 
Supersonic Tunnel #2 at Mach 3.02. Pressure and Laser Doppler Velocimeter (LDV) 
data were collected at four axial stations, at three angles-of-attack (0°, +2°), 
with and without the rotating bands. Spark shadowgraph photography was also 
obtained. 
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INTRODUCTION 


This paper summarizes the results of a test performed in the Naval Surface 
Weapons Center/White Oak (NSWC/WO) Supersonic Wind Tunnel #2 on a six-caliber 
secant-ogive cylinder with two rotating band configurations. 


The objective of this wind tunnel test was to provide a pressure and 
boundary layer profile data base for use in validating flowfield prediction 
codes for projectiles at small angles-of-attack. In particular, data were 
obtained which would allow for an evaluation of the effects of rotating band 
configurations on projectile aerodynamics. 


The approach taken in the test was to measure the local wall pressures at 
thirteen axial locations near the rotating band, and to use a 2-D Laser Doppler 
Velocimeter (LDV) to measure velocity profiles at four axial stations. These 


tests were conducted under the sponsorship of the U.S. Army Ballistics Research 
Laboratory (BRL). 


TEST FACILITY AND CONDITIONS 


This test was conducted in the NSWC Supersonic Tunnel #2, a 16-inch x 
16-inch cross-section, horizontal tunnel capable of operating over a Mach number 
range from 0.3 to 5.02, with a supply pressure ranging from 0.5 to 15 
atmospheres. The tunnel working medium is high pressure air. Two modes of 
operation are available: (1) a blow-down mode from an air storage system; or 
(2) a continuous "recirculating" mode. 


For this test, the continuous mode was used, with a Mach number of 3.02 and 
a Reynolds number of approximately 2.7 x 10/ft. The nominal supply pressure 
and temperature were 20 psia and 130°F, respectively. 


MODEL AND INSTRUMENTATION 


The model used for this test was a six-caliber secant-ogive cylinder as 
shown in Figure 1. It consisted of a three-caliber nose section and a 
three-caliber straight, cylindrical afterbody. The model was 13.5 inches in 
length, with a 2.25 inch base diameter. Furthermore, two rotating bands of 
0.5-inch width, .040 inch and .080 inch height were located, and used 
individually, at an X/D of 4.39 on the model afterbody. 


The model was equipped with thirteen static pressure ports aligned along 
the length of the model. Eleven of the ports were in one ray, and the remaining 
two were offset 22-1/2° from the ray. This is illustrated in Figure 1. 


Small plastic tubing connected the pressure ports to a bank of thirteen 5.0 
psia transducers. The transducer output was then connected to the DARE (Data 
Acquisition and Recording Equipment) system. ° 


In order to ensure a fully turbulent boundary layer at the measurement 
stations, a trip ring of 0.25-inch width was used. It was centered at an X/D of 
approximately 1.25. This 0.006-inch thick trip ring had two rows of .030-inch 
diameter steel balls spotwelded to it. There were 30 balls equally spacea to a 
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FIGURE 1. MODEL GEOMETRY 
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row, with the back row staggered from the front row. This trip ring was used on 
all pressure and LDV runs. A photograph of the model mounted in the tunnel is 
shown in Figure 2. 


For the flowfield velocity measurements of this test, a two-dimensional 
forward scatter LDV system was used. The focal volume was calculated to have a 
diameter of 0.007 inches. A complete system schematic can be found in Figure 3, 
and a description can be found in Reference l. 


TEST MATRIX AND PROCEDURES 


The LDV test matrix included flowfield surveys at four axial stations, at 
three angles-of-attack (0°, +2°), and for two rotating band configurations. The 
LDV surveys were taken at X/D locations of 4.00, 4.39, 4.70, and 5.25. Of the 
four survey stations, one was located in front of the rotating band, another was 
directly over it, and the final two were behind it. 


It was found that LDV measurements could be made to within 0.020 inches 
from the model wall. From 0.020 inch to 0.100 inch from the wall, samples were 
taken every 0.005 inch; from 0.100 inches to 0.200 inch, samples were taken 
every 0.v10 inch. The data showed that the boundary layer was approximately 
0.15-inch thick at a = 0°. 


DATA REDUCTION 


The 2-D LDV system was utilized to obtain the boundary layer velocity 
profiles. Each profile consisted of approximately 25 survey points. At each 
survey point, 2500 data samples were taken and recorded on magnetic tape. At 
the completion of the run, a Data General Nova II minicomputer was used to 
compute a mean velocity, the standard deviations of the velocities, and the 
cross-velocity correlations. 


These values are defined as: 


N N 
U = > Uj Ve > Vi 
izl = 


a N 
uves SY (uy - 0) (Vy - Vd) 
171 


Ll. Yanta, W. J., "A Three-~Dimensional Laser Doppler Velocimeter (LDV) for Use 
in Wind Tunnels," Paper IEEE 79 CH 1500-8AES, presented at International 
Congress on Instrumentation in Aerospace Facilities, Monterey, California, 
September 1979. 
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FIGURE 2, PRESSURE MODEL MOUNTED IN NSWC’S SUPERSONIC TUNNEL 2 
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Routines were available to plot the velocity values versus the y-coordinate 
values. 


RESULTS 


Appendices A, B, and C provide the results gathered from this test. 


Appendix A gives the velocity, turbulence intensity, and Reynolds stress 
profiles. This information was taken at four axial stations, three angles of 
attack, and two rotating band configurations. 


Appendix B details the surface pressure data. Figures B-l(a-n) plot 
pressure coefficients vs. roll angle at three angles of attack, four axial 
stations, with two rotating band configurations. Figure B-2 shows the plot of 
Cp vs. X/D at only 0° angle of attack, but with both rotating bands. 


Appendix C provides a tabulated form of the same information given in 
Appendix A. 


NOMENCLATURE 


Speed of sound (free stream) 
- Pressure coefficient 


a > 
' 


- Base diameter (2.25 inches) 

- Number of sample data points 

~ Local wall pressure 

~ Free stream static pressure 

Rotating band 

- Local velocity parallel to model surface 

U-Component velocity (standard deviation) 

- Local velocity perpendicular to model surface 
V-Component velocity (standard deviation) 

- Distance from nosetip measured parallel to model surface 
Pressure port 

~ Distance measured perpendicular to model surface 

~ Angle-of-attack 

Ratio of specific heats = 1.4 

~ RMS value 

Average value 

~ Fluctuation from mean value : 
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APPENDIX A 
VELOCITY, TURBULENCE INTENSITY, REYNOLDS STRESS PROFILES 
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FIGURE A-4. U-COMPONENT OF VELOCITY 
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FIGURE A-7. V-COMPONENT OF VELOCITY 
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FIGURE A-8. V-COMPONENT OF VELOCITY (a= 2°, LEEWARD) 
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FIGURE A-9. V-COMPONENT OF VELOCITY ( a = 2°, WINDWARD) 
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FIGURE A-10. V-COMPONENT OF VELOCITY 
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FIGURE A-11. V-COMPONENT OF VELOCITY ( a = 2°, LEEWARD) 
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FIGURE A-12. V-COMPONENT OF VELOCITY (@ = 2°, WINDWARD) 
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FIGURE A-15. U-COMPONENT STANDARD DEVIATIONS ( @ = 2°, WINDWARD) 
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FIGURE A-17. U-COMPONENT STANDARD DEVIATIONS ( @ = 2°, LEEWARD) 
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FIGURE A-18. U-COMPONENT STANDARD DEVIATIONS ( & = 2°, WINDWARD) 
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FIGURE A-19, V-COMPONENT STANDARD DEVIATIONS 
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FIGURE A-20. V-COMPONENT STANDARD DEVIATIONS ( @ = 2°, LEEWARD) 
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FIGURE A-22. V-COMPONENT STANDARD DEVIATIONS 
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FIGURE A-23. V-COMPONENT STANDARD DEVIATIONS (@ = 2°, LEEWARD) 
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FIGURE A-24. V-COMPONENT STANDARD DEVIATIONS (@ = 2°, WINDWARD) 
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FIGURE A-28. REYNOLD’S STRESSES 
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FIGURE B-1 (d). PRESSURE COEFFICIENTS vs. ROLL ANGLE 
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FIGURE 8-1 (e). PRESSURE COEFFICIENTS vs. ROLL ANGLE 
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FIGURE B-1 (g). PRESSURE COEFFICIENTS vs. ROLL ANGLE 
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. FIGURE B-1 (h). PRESSURE COEFFICIENTS vs. ROLL ANGLE 
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FIGURE B-1 (i). PRESSURE COEFFICIENTS vs. ROLL ANGLE 
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